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[Patent Attorney] 

(57) [Abstract] 

[Problem] PFA which possesses satisfactory molding property a 
nd thermal stability whosedecrease of melt viscosity is little is 
offered. 

[Means of Solution] In PFA, carbon number 106 per endgroup 
-CH20H endgroup 7 to 40, PFA where the-COF endgroup , - 
COOH endgroup and -CONH2 endgroup are 6 or fewer. 



[ClainXs)] 

[Claim 1 ] Being a copolymer of tetrafluoroethylene and at least 
one kind of perfluoro (alkyl vinyl ether) which isdisplayed with 
Formula 1, 1 to 10 weight % including polymerization unit 
which is basedon perfluoro (alkyl vinyl ether), quantity of - 
CH2OH endgroup in copolymer is carbon number 106 per 
the7 to 40, quantity of -COF endgroup , - COOH endgroup and 
- CONH2 endgroup carbon number 1 06 per isthe 6 or fewer 
respectively, tetrafluoroethylene copolymer where below- 
mentioned volume flow rate inthe 380 °C is 0. 1 to 100. 

Volume flow rate : It is a volume flow rate (mm3/sec) of copoly 
mer which extrusion is done under piston load ofthe 7 kg 
through orifice of internal diameter 2. 1 mm and length 8 mm 

[Chemical Formula I] Rf - O - CF=C F2 * * * Formula 1 , 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel: 800-430-5727) 



P.2 



JP 9801 7621 A Machine Translation 



h 2 oH*3SS(D^<ffi^i o 6 flfcfcy emuTZS 

tl&m^ftt. -CH 2 OH^5S80)Sl^«m^1 06 

m&t~V 1 oo~3 0 0l@#fcftm£tt£;l£LT&3 



However, in . Formula 1, as for Rf perfluoroalkyl group of carb 
on number 3 to 5. 

[Claim 2] Tetrafluoroethylene copolymer, quantity of -CH20H 
endgroup carbon number 1 06 per quantity of copolymerand - 
CH20H endgroup which include 6 or fewer carbon number 106 
per 100 to 300 mixingthe copolymer which is included, 
tetrafluoroethylene copolymer of Claim 1 which is 
somethingwhich becomes. 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention is something 
regarding satisfactory fabricability and melt moldable 
tetrafluoroethylene copolymerwhich possesses thermal stability, 
furthermore, lengthy standing doing with the high temperature, 
is something regarding tetrafluoroethylene copolymer whose 
decrease of melt viscosiryand mechanical property is little. 

[0002] 

[Prior Art] Copolymer (Below , PFA you call) of tetrafluoroet 
hylene and perfluoro (alkyl vinyl ether) is known as melt 
moldable fluororesin, thewidely is used as material of tube and 
pipe , joint , the container , electric cable coating or other 
molded article , coating, lining and hollow molded article. 

[0003] From polymerization mechanism, -COF group trace am 
ount forms PFA in molecule end ofthe PFA. In addition, when 
methanol is used as molecular weight regulator, -CH2OH group 
forms inthe molecule end. These endgroup, in thermal because 
of unstable when endgroup existsin large amount, become cause 
of occurrence of foaming and fluoroacidwhen forming, it is 
known that formation of defective molding and corrosionetc 
of mold of molding machine are caused. 

[0004] Technology which from until recently, these unstable en 
d machines isstabilized is examined, perfluorocarbon polymer 
contacting with fluorine radical source densely, method which 
isstabilized has been proposed endgroup to Japan Examined 
Patent Publication Sho 46 - 23245 disclosure . 

[0005] Although -COF endgroup and - COOH endgroup in PF 
A 50 % is convertedto - CONH2 endgroup at least, 
satisfactory time, method which produces PFAwhich 
contacting, in thermal -CH2OH group carbon number 106 per 
15possesses with PFA and nitrogen compound which can form 
ammonia or theammonia at least in stability is disclosed in 
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Japan Unexamined Patent Publication Showa 61 - 98709 
disclosure . 

[0006] In addition, in Japan Examined Patent Publication Hei 
4 - 83 disclosure , -CH20H endgroup of PFA, - CONH2 
endgroup and the-COF endgroup carbon number 106 per 
concerning manufacturing method of pellet particle which is 
lessthan 6, in addition, contacting with fluorine gas concerning 
themanufacturing method of granule of PFA which is 
manufactured in aqueous polymerization medium,the method 
which decreases unstable endgroup is proposed to Japan 
Examined Patent Publication Hei 7-30134 disclosure . 

[0007] With Japan Unexamined Patent Publication Hei 4 - 20 
507 disclosure, contacting with fluorine gas, carbon number 
1 06 per it does thetotal number of -COF endgroup and - 
COOH endgroup in 7 to 40, method whichconverts -COF 
endgroup to - CONH2 endgroup completely by next 
contacting with theammonia gas is proposed. 

[0008] But, as for these inventors, -CH2OH endgroup , -COF e 
ndgroup and - COOH endgroup as for thePFA which is less 
than respective 6 vis-a-vis carbon number 106 ,when lengthy 
hold it does in molten state of high temperature, melt viscosity 
decreasewhich is thought that it derives in cutting of molecule, 
to happen,the fact that it is problem that mechnical property 
of molded article decreases, was discovered. 

[0009] 

[Problems to be Solved by the Invention] This invention, in th 
ermal in stability, lengthy hold doing in molten state ofthe 
above-mentioned high temperature, offers PFA where melt 
viscosity decrease doesnot happen. 

[0010] 

[Means to Solve the Problems] As for this invention, being a co 
polymer of tetrafluoroethylene and at least one kind of 
theperfluoro (alkyl vinyl ether) which is displayed with Formula 
1, 1 to 10 weight % including polymerization unitwhich is based 
on perfluoro (alkyl vinyl ether), quantity of -CH2OH endgroup 
in copolymer is thecarbon number 106 per 7 to 40, quantity 
of -COF endgroup , - COOH endgroup and - CONH2 
endgroupthe carbon number 106 per is 6 or fewer respectively, 
it regards tetrafluoroethylene copolymer wherethe volume flow 
rate in 380 °C is 0.1 to 100. 

[0011] 

[Chemical Formula 2] Rf - O - CF=€ F2 * * * Formula 1 , 
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However, in Formula 1, Rf is perfluoroalkyl group of carbon n 
umber 3 to 5. 

[0012] As production method of PFA, in each case of suspensio 
n polymerization method which designatesthe solution 
polymerization method or water and perfluorocarbon , 
chlorofluorocarbon , hydrochlorofluorocarbon and the carbon 
dioxide etc which designate perfluorocarbon , 
chlorofluorocarbon , hydrofluorocarbon , 
hydrochlorofluorocarbon and carbon dioxide etc as solvent as 
solvent you can adopt, polymerization is added other additive 
by polymerization reactor boththe solution polymerization 
and suspension polymerization, starting material monomer of 
solvent, tetrafluoroethylene and the perfluoro (alkyl vinyl 
ether), chain transfer agent , depending upon in case and is 
done. 

[00 1 3] In order to produce PFA which possesses -CH20H endgr 
oup in this inventionjt can use methanol , ethanol and 
propanol or other alcohols as chain transfer agent, it is 
desirable to use methanol from thermal stability or other point 
of PFAwhich is acquired. 

[0014] As polymerization initiator, those which are used with c 
onventional radical polymerization can be used, but the 
peroxide of fluorine type is desirable from point of stabilityof 
PFA which is acquired. 

[00 1 5] Using methanol for chain transfer agent, as for PFA whi 
ch it acquires, the-CH20H endgroup exists carbon number 106 
per 100 to 300. When forming, -CH2OH endgroup in PFA 
disassembles this PFA, becomesthe cause which foaming forms 
in molded article, but lengthy hold doing withthe state which is 
melted in high temperature, melt viscosity of PFA 
becomesrather high, mechnical property of molded article 
which is acquiredimproves. 

[00 1 6] As reason, one part of -CH2OH endgroup which was disa 
ssembled endgroupreacting, is presumed that it connects. 
Therefore, while forming PFA which possesses -CH2OH 
endgroup of theextent which foaming does not occur, lengthy 
hold doing with statewhich is melted in high temperature, it is 
thought that you can hold down thedecrease of melt viscosity. 

[00 1 7] It is desirable quantity of -CH2OH endgroup in PFA to b 
e, carbon number 106 per 7 to 40 to be especially 7 to 1 4. 
When under 7 lengthy hold it does with state which is meltedin 
high temperature, melt viscosity decreases, 40 becomes cause 
offoaming at time of super with formation. 

[00 1 8] In addition, -COF endgroup , - COOH endgroup and - 
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C0NH2 endgroup are unstable in thethermal and it becomes 
cause of firing, but as description abovebecause endgroup does 
not react, quantity of these endgroup thecarbon number 106 
per is 6 respectively. 

[001 9] Using methanol for chain transfer agent, to make quanti 
ty of desired-CH20H endgroup, by thefluorination doing PFA 
which is acquired, -CH2OH endgroup , changing first inthe - 
COF, it is not desirable because quantity of -COF endgroup 
increasesto fault. 

[0020] PFA of this invention, -CH2OH endgroup carbon numbe 
r 106 per fluorination of 6 or fewerusing PFA and methanol 
which are done for chain transfer agent, PFAwhich 100 to 300 
it possesses -CH2OH endgroup which is acquired blending,after 
mixing to uniform, is acquired by preferably pelletizing doing. 

[0021] Blend, mixer of conventional solid, can use for exampl 
e vane shape mixer and container rotating type mixer etc. 

[0022] Polymerization unit which is based on perfluoro (alkyl v 
inyl ether) in PFA of this invention is thel to 10 weight%. 
Under 1 wt% melt molding becomes difficult, with 10 weight % 
over characteristicwhere tetrafluoroethylene polymer is 
superior is impaired. 

[0023] In addition, volume flow rate of PFA of this invention i 
s 0.1 to 100. Under 0.1 it becomes high molecular weight PFA 
and melt forming property decreases, becomesthe 100 super 
with low molecular weight PFA and mechanical property 
decreases considerably. 

[0024] 

[Working Examples)] 

[Analysis of endgroup] 340 °C and 2 0 min compression moldi 
ng doing PFA powder, infrared absorption spectroscopy it did 
film ofthe thickness 0.25 to 0.3 mm, it decided types of 
endgroup by comparison with theinfrared absorption spectrum 
of content known film, calculated number of endgroup fromthe 
difference spectrum This analysis method is stated in Japan 
Examined Patent Publication Hei 4 - 83 disclosure. 

[0025] [Measurement of volume flow rate] As criterion of melt 

viscosity, volume flow rate was adopted, measurement method 

inserted PFA in cylinder of internal diameter 1 1 .3 mm making 

use ofthe Shimadzu Corporation (DB 69-055-8747) make 

Mooney type flow tester, 5 min after maintaining with 

temperature 380 °C, theextrusion is designated extrusion rate 
3 
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(nmi /s) as volume flow rate under piston load of the7 kg 
tiuough orifice of internal diameter 2.1 mm and length 8 mm 
When volume flow rate is large, melt viscosity is low. 

[0026] [Working Example 1] Water 4372 g) trichlorotrifluoroe 
thane2719 g( methanol 505g and perfluoro (propyl vinyl 
ether)286g, tera- fluoro ethylene 747gwas inserted^ realtor 
internal temperature of reactor temperature rise was donein 50 
C. pressure was 13.2 kg/cm2 . 

[0027]Tnchlorotrifluoroethane 1 '/.solution of di (perfluoro b 

222 W3S inSCIted and 35 P°'^rization initiator 
thepolymenzation was started. In order with start of 

polymerization pressure whichdecreases to become fixed 

tetrafluoroethylene postaddition was done. In order for ' 

polymerization rate to become fixed, total 1 8g you inserted 

he polymenzation initiator, in discontinuous, input amount of 

tetrafluoroethylene being 1 140g, polymerization wasstopped- 

[0028] While in PFA of slurry which it acquires, agitating includ 
■ngthe water 5000g, as it increases temperature to 70 °C 
removes the trichlorotrifluoroethane PFA granulating was done 
beads 1 170g of diameter3 mm wasacquired. 

[0029] As for PFA which it acquires, (It is based on tetrafluoroe 
thylene polarization unit ) / composition of (It is based on 
perfluoro (propyl vinyl ether) polymerization unit ) was the98 
l/1.5(mole ratio), volume flow rate was 17.0. In addition 
endgroup which exists was -OfcOH and - COF the carbon 
number 106 per, as for -CH2OH endgroup 220, as for <;OF 
endgroup was 2. This beads PFA below, is called 
polymerization rising PFA. 

of the4 liter, closed airtight, with nitrogen gas substitution 
outgassmg did infoe satisfactory, fluorine gas / nitrogen gas 
composition pressure 2 kg/cm2 of mixed gas of 20/80(mole 
ratio), 4 hoursmaintained at condition of temperature 230 °C 
AJter fluonnation reaction ending, it cooled to room 

SET"' did satisfactory nitrogen 

substitutjon after doing, inside autoclave it acquired PFA (Below 
fluonnat,on PFA you call) in. volume flow rate of this 
fluonnation PFA was 16.6. carbon number 106 per -CH2OH 
endgroup did not exist, -COF endgroup was 1 or less. 

5£ 0 H fflu °™ation PFA20 parts by weight blending 
with state of beads vis-a-visthe polymerization rising PFA 1 
part by weight, peptizing it did making use of thesingle screw 
extruder of diameter 30 mm as for pellet which is acquired - 
CH20H endgroup 1 1 andthe -COF endgroup was 1 or less 
Inserting this pellet in 340 °C and 3 0 min oven it t«teT 
concerning foaming and change of volume flow rate, extent of 
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foaming was little, change of volume flow rate was the- 1 %. 

[0032] [Working Example 2] At ratio of fluorination PFA 1 0 p 
arts by weight blending with state of beads vis-a-visthe 
polymerization rising PFA I part by weight, pelletizing it did to 
similar to the Working Example 1 . as for pellet which is 
acquired, -CH20H endgroup 1 7 andthe -COF endgroup was I 
or less. Inserting this pellet in 340 °C and 3 0 min oven in 
same way as theWorking Example 1 , it tested concerning 
foaming and change of volume flow rate, extent of foaming 
was little, change of volume flow rate melt viscosity was the- 
3 %. 

[0033] [Comparative Example 1] Test extent of result and foa 
ming which were done in sameway as Working Example 1 was 
large concerning foaming of polymerizationrising PFA and 
changing of melt viscosity, change of volume flow rate was the 
-35%. 

[0034] [Comparative Example 2] Test extent of result and foa 
ming which were done in sameway as Working Example 1 was 
little concerning foaming of fluorination PFA of theWorking 
Example 1 and changing of melt viscosity, change of volume 
flow rate was +2 0 %. 

[0035] • 

[Effects of the Invention] Carbon number 1 06 per -CH2OH en 
dgroup 7 to 40, -COF endgroup , - COOH endgroup or - 
CONH2 endgrouprespectively as for PFA which is a 6 or fewer, 
is not foaming in themolten state at time of high temperature, 
it possesses effect whose decreaseof melt viscosity and 
mechanical property is little. 
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